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An analysis was made of the sea surface temperatures in the northern No. 
Atlantic, sea temperature in the 0-200 m layer alonf the Kola meridian 
(70*% approximately) between 70 30' and 72oj0,N reflecting the inflow 
of relatively warm No. Atlantic water into the Barents Sea, and the sen 
surface temperatures in the V.estern Mediterranean affected by storms 
crossinf from the No. Atlantic by tne way of the Bay of Biscay, France 
and Spain and others which develop locally in wake of cold air outbreak: 
from the Continent; the ice off Iceland; and the air temperatures and 
pressures over the northern No. Atlantic, Greenland, and Europe during 
the period 1921-50 and the followinf decades 1951-60 and lr'6l-70, with 
the objective of determining a possible la; in the ocean vis-a-vis the 
atmosphere during a period of climatic chanre. The results obtained show 
a rise in the sea temperature in all three refions In the decaoe 1951-60 
tnd with little change in the ice off Iceland from the period 19-1-50 
which preceded it, while the air temperatures were declining over the 
northern Ilo. ntlantic inuicatinr a La| in the ocean vis-a-vis the 
atmosnhere.  The results farther show a fall in sea and dr temperatures 
anu sharp increase in the ice off Iceland in the decade 1961-70. One 
would expect should the decade 1971-80 shovv a rise in air temperatures, 
the sea temperature woula Lag less behind, since the warming, would be 
limited oo the surface layers primarily. 

L 
DD 1473 

i i.i-.-iii .11 m 



■ I    HMiMWIp     I      —      — ■      mm •■<PI n  mm l<Mp^^M^MWIi««iBJ^^«mVrVm«|M *^m^*^^mmw^m 19m« B^*^^^^^*"**^ 

mmmmm 

S«CLrity CUsdfiradon 

K ■ V   «OHO! 

/' 

Climatic Change 

Thermal Lai of Oceans 

5ea Temperatures 

Northern No. Atlantic 

'..ectern Mediterranean 

Ice Off Iceland 

Air Temperatures 

LINK    A 

Security Claturicadon 



i i iwm Mm ' ■ ' ■' ^^m^rmm 

i 
/// 

! 

ON THE THERMAL LAG IN THE OCEAN DORINQ A PERIOD 

OF CLTMATTC CHANQI 

By I. I. Jchcll and D« A. Corkum 

OCEAN-ATMOSPHERE itfciEAItCH INSTITUTE 

1640 Massachusetts Ave. 
C'imbria^e, ."■.ics. Jk.l;8 

.* 

Pro ect 0ARI-l-7> 

w-ubmitteH  as Annual itenort to the  Advanced kesearch Pro.'ect 
« or.cv,   miPA Order No.   ».1^9f   Air  r'orce Office of Scientific 
»tesc/irch,   under Contract  Numbei-  riW.'j. o-7.-C-uOi*0 

I chnical .ce^ort:    OAHZ-1-7; kui ust  197; 



!•■ W»W 

Ocean-Atmosphere Research Institute 
loLO Massachusetts Avenue 
Canbridc«,  Massachusetts 021i8 

I* 

ANNUAL TECHNICAL i-.EPORT 

x. I. Jchell 
and 

D. H. Corkum 

Aucust 197^ 

Cnonsorod by 
Advanced .tesearch Projects A. ency 

AiiPA Order No. 2159 

A^PA Order No. 2159 
Pro ram Code - F10 
Name of Contractor - Oce.-.n-Atmosphere Research Institute 
effective Date of Contract - June 1, 1972 
Contract E.vnintion Date - Ju ie ;0f 197^ 
Amount of Contract Dollars - iSj,^? 
Contract Number - P44620>72-C-00(o 
Principal Invcstirator -I.I. 3chell 
Phone Number - 617-V.U-Ö$52 
ühort Title cf '..ork:  Climatic Ch.n ec - Past 1,000 Years 

■ : 

ihe vitwfl  and conclusions contained   in this document  are those of 
Tn    t'li;    rrf^ rh0U^-:  P01  be interpreted as necessarily represent- 

he official policies,   either oppressed or implied,  of the 
Aavanced Research i'ro.jocts A/encv or the D.S.  Government. 

  .- 



—""—^  ,.,,..,..,,  I   mm, ,,,    I M^wm. I    I ■Bi^^^_ ■ I ■ 

AD^TilACT 

An analysis was made of the sea surface temneratares in it* 

northern Ho. Atlantic, sea temner.aure in the 0-200 m layer 

-ion. the Kola ^eridl» (TO0!. aPproxinuely) oetv.oen 70°^- and 

73*J0'*  reflectim the inflow of ■■elativel. warn, Ho. «Untie 

«tor into the Barents Sea, and the sea surface.temneratarec in 

the estern Mediterranean affected by storn. crossin, fron the 

NO. Atlantic by the way of the Bay of Biscay, France and Sptfn 

■mi others which develop locally in wake of cold air outbreaks 

from the Continent; the ice off Iceland, and the air temneraturcs 

and pressures over the northern No. Atlantic. Greenland, and 

Europe durin; the period Wa-50 and the followinr decades 1951- 

60 an., 1961-70, with the objective of determinin, , possible la, 

in the ocean vis-a-vis the atmosphere durinr a perioa of climatic 

Chan; e. «., results obtained show a rise in the sea temperature 

la all three re; ions in the decade 1951-60 am. with little 

Chan, e In the ice off Iceland from the period 1911-50 which 

prooodod it, while the air temperatures were decUnin, over the 

northern Ho. Atlantic indicatin, a lar in the ocean vis-a-vis the 

atmosphere. The results further show , fall in sea and air 

temperatures and sharp increase 1« the Ice off Iceland in the 

decade 1961-70. One woulc expect rhould the decade »71^0 show 

rise in air temneratares, the sea tompernture would lap less 

behind, since the warmlnr would be limited to the surface layers 

prinu.rilv. 
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Ini.roduclion. 

AG can be seen fron the extensive literature on past cli- 

ncaos and their chan/ esf | , reat deal of stuay and thourht has 

been devoted to this problem. 

'..hether ,ve look to predictive theories of the general cir- 

culation tr provide a solution of this problem or seek its solu- 

tion from a Itttdy of the changes in the past by discovering their 

orderly seruence, or trace a connection between them and s^lar 

variability, volcanicity, and other possible causes, there is the 

need for establishim as accurately as possible the climates of 

the past both on land and in the sea, and their spatial and phys- 

ical coherence iloog with a need for defining the special charac- 

teristics of the climatic elements that distin^uibh one from 

tnothtr« 

One such characteristic of a major climatic element we wish 

to investirate ic the response of the ocean as compared with the 

atmosphere durinr I p-.riod of climatic chanre. 

The difference in the therrml and dynamic characteristics 

between the ocean as representeo by sea surface temperatures, ocean 

currents, uid sea ice cover (in the higher latitudes) on the one 

bar.:, and the atmosphere, as represented by air temperature nnu 

KM 
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v.'inds on the other, leads us to expect a slower and hence later 

response of the ocer,n durinf a period of climatic change than in 

the atmosphere.  The followin/r is an analysis of • possible time- 

lar of the response of the ocean vis a vis the atmosphere from a 

consideration of the sea surface temperatures in the northern No. 

Atlantic and V.estern Mediterranean, the sea temperature in the 

layer 0-200 m alon^ the Kola (700E) meridian, the sea surface 

temperatures from Ö Ocean V.eather Stations in different loca- 

tion,-, in the No. Atlantic, the ice off Iceland, md finally, the 

oi-essure distribution (atmospheric circulation or winds) and ;.ir 

temperatures durinr the pcrioc I921-1970 that was characterized 

by a rise, then a fall in temperature. 

3.  Analysis. 

Mitchell (1961, 196)), followinr >.illett (1950), has shown 

that berinninr with the 19^0's, the avcrare "world" air temper- 

ature has t.-iken a downward turn while remaining well above the 

lonr-term aver-ipe.  The chnn-e from the 19^0-9 to the 1950-9 

decades came, he founu, to -0.1r0C for the venr as ■ whole, -ina 

to -0.^ C for the v/inter season. 

Similarly, .to.ie.-.ald in a series of papers (196,, 1967, 197.-a, 

1'. 7. b) treated in detail the sea surface temperatures in the nor- 

thern No. Atlantic observed at the 0';.S ship^ ..hich he compared 

with the air temperatures and the pressure distribution, his lat- 

est results showinr I mu-ked decrease in the air and 5en tempera- 

tures in the ,.o. Ati-.ntic-Arctic in the Most recent decade, 1961- 

70, as comp-.if . vith that \;hich nipceueo it .  Earlier Smed has 

Shown (194* ) an IneroaM in the sea surface tenuvruture in the 

m**t ^^^ 
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northern No. Atlantic between 50° and 660IJ, approximately, that 

was especially marken in the L9j0*S« 

1.  Pressure Distribution. 

For evidence alout tht changes in circulation and winds 

during the 1921-70 periou, we have compared the pressure over 

the northern Uo. Atlantic, Greenland, and Europe during the ir.. 1- 

50 period with that in the 1951-60 decade and next, the pressures 

in this decade with those in the 1961-70 decade. 

Fip-re 1 shows an area of excess pressure over Greenland 

and the vicinity in the 1951-60 decade over the 1921-50 period, 

sug^estinf an increased outflow of cold air southward from 

Greenland and lower air temperatures over East Greenland, Iceland, 

northwestern Europe and the North Atlantic in this decade (Fir. :) 

Similarly, the area of excess of pressure in the 1961-70 

decade over the 1951-60 decade extending- eastward from Greenland 

-o Scandinavia and beyond (Fit . >) signifies a rreatcr outflov; 

of cold air from the Arctic in this decade (1961-70) than in the 

precedin- one as is shown by ^he lower air temperatures (Fig, u). 

Also, the area of negative air temperature differences is larrer. 

^.  Se;> Temperatures. 

a'  Northern I.'o. Atlantic Are-jj A-N. 

For analysis of possible trends in U.e sea surface tempera- 

tures of the northern No. Atlantic, v.e have made use of the mean 

monthly tabulations of deviations of sea surface temperature north 

of JO0!! in areas A to N, u desi/nateu by Smed (1949-1970), limit- 

inr ourselves to the April-Sentember values for which mere infor- 

mation is available than for the other months.  The results ob- 

tained from the comparison of the Lomneratures in ihr  If-M-oO 

M — 
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decade with those of the I921->$0 period (Fig« 5) show higher 

values (positive differences) in all but one area (B) in the 

1951-60 decade than in the earlier period.  The air Lemneratures 

showed a small decline (Pig« 2). The results of the comparison 

in the sea surface temperritures in this region between the 1951- 

60 and 1961—70 decades show a sharp drop (Fif, 6). 

b. Western Mediterranean. 

Another comparison seekinf; to establish a thermal laj in 

the ocean vis-a-vis the atmosphere was made by means of the mean 

January-March and July-September sea surface temperatures of the 

..cstern Mediterranean.  This re/ion in the colder half of the 

vear is subjected to No. Atlantic storms crossin/ into the area 

by the way of the Bay of Biscay, Spain, and France, and by storms 

which develop locally with cold air outbreaks from the continent 

sweepin-- over the relatively warm sea. Figure 7 shows the tem- 

perature in the 1951-60 decace v/as hirher than in the 19^1-50 

period while the air temperatures were declining over France, 

-»pain and elsewhere (see Fi^. 2)« The fall in the mean January- 

March sea surface temperature in the decade 1961-70 from the 

previous decade (Fir. 8) would be expected to have resulted from 

a southward shift in storm track over the No. Atlantic (Fi/,. U) 

and more frequent outbreaks of colder air from the continent 

leading in each instance to I coolinr of the waters and to 

lo-'er sea suifacc temperatures. 

A similar trend as for the January-March sea surface tem- 

peratures, namely, hirher July-September sea surface temneratures 

in the 1951-60 decoac than in the l('iLl-';0 period was found in most 

areas also in this cuarter (Pig« 9) while the air temperatures. 
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Figure  6.      Differences  (1961-1970 minus 1951-1960)   April-September 
Sea  Surface  Temperature  Areas  A-N and   Ar.nual 0-200 ■ Sea  Temperature 
Kola  Section  (UC). 
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as ;.e have seen, showed ^ small decrease (Fir. 2), 

One suspects that the increase in thp July-September sea 

surface temoerature in tLe 1951-60 decide, ac well as the de- 

crease in the 1961-70 decade from the decade which preceded it 

(F -. 10) tfM in part due to the persistence of the temneratures 

nomaly in the cold season (January-March) since few if any 

storms cross into the western Keuiterranean from the Uo. Atlantic 

in the warm half of the year. 

c  Kola I-'.eridian Section Temperature (U-^OQ m). 

Another comparison to demonstrate a possible Lag in the ocean 

vie a vis the air v:as made from a consideration of the Kola 

Meridian Section annual temneratures in the 0-200 m layer be- 

v.;een latitudes 7üo^0,I] and 7.)0-VK alon/; the 70oS or Kola mer- 

idian. The small increase of 0.160C in the temperatures from the 

1^:1-50 perioü to the 1951-60 decade (ri . 0) is in keeninr with 

bhfl increase in the sea surface t^nrorature in the area to tlie 

south U-H) as li the decrease of 0,^Bo0 in the lr'6l-70 decaoe 

from the 1951-60 decade, the ipcrense in temperature in the 

l< *'il-60 decade sho -inr a thermal Ug also for the inflow of warm 

water into the Barents Sea. 

d. 0cc.>n oather g^j tiona. OS. 

An ince-cr. ent comparison of the sea surface temperatures in 

the northern Uo« ntlintic is available from the frequent observ .- 

tions taken at 'Jie 0 .3 ships which bepan  in the latt I940*ta 

Tiie decrease for the most part in the temperature at these sta- 

tions from the 1951-60 to the r. 61-70 decades (fig, 11) corro- 

borates the fir.'.-in, s based on the analysis of temperatures in the 

areas A to h (Pi , 6). 
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e.  Ice off Iceland. 

The severity of the ice off Icelami (Koch, 1945| Eythorsson 

«nd Sittryt-rsson, 1971) for which data in some netail to  back to 

the raid-18th century and in more general form to the time of set- 

tlement of Iceland, may be ricxc considered for an analysib of a 

lat between the ocean and the atmosphere. 

The sharp increase both in the duration and the spread of 

the ice alon^ the coasts of Iceland in tlu 19-61-70 decade over the 

previous decade (Fir. 12) is consistent with the greater build-up 

of cold air over northern Greenland and to the eastwaru, as well 

M Ml assumed greater frequency of northerly wind« in that decaue 

than in the errlier decades. The si-nificant increase in the ice 

c.urin; this decade would be due to a marked touthward transport of 

ice from the main paoi: in the north, and also to the formation of 

more youn^ ice as a result of the lowtr air ten eratures.  The 

indicated smaller increase in northerly winds in the 1951-60 de- 

cade over the 1921-50 period than in the 1961-70 decade nresumably 

was insufficient to produce a marked increase in the ice transport 

Uld formation of youn^ ice. 

f«  Nc. Atlantic ..e:ther Tvnes (British Isles). 

As further evidence of climatic changes from the 19^1-50 to 

the 1951-60 and 1951-60 to the lr6l-70 periods in the northern 

No. Atlantic, vie  investigated the trends in the freruencies of 

British Isles '..eather Types.  A decreased frequency of westerly 

type of circulation reflects a less r.onal flow and an increased 

meridional type of circulation and hence lower temperatures. 

Thus, the avera.e freruency of the westerly v.eather tynes (zonal 

flow) was 27.6> in the neriod 1929-49 as compared with 2k»7A  in 

_ 
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Figure li:. Ice off Iceland (duration in weeks multiplied 
by the number of areas with ice along the coasts).  (After 
Kocn, iV45; and Eythorsson and Sigtry^gsson, 1971.) 
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the decade 1950-59 and only 21*9^ in the followin/ decade, 1960- 

69 (Lamb, 1972). 

Data. 

The data used in this study came from various sources. 

The mean monthly sea surface temperature deviations of the areas 

A-N (north of 50oW) were taken from the Annal. Biol., dons. 

Internl. Explor. Mer, Vols. 2-26 (1947*1970). 

The sea temperatures in the layer 0-200 m alon^ the Kola 

meridian were adapted from tabulation by  Sleptsov-Ühevlevich 

(1967) with those for more recent years, from the Annal. Biol., 

Cons. Internl. Exnlor. Mer, Vols. 22-26. The ice off Iceland 

values were taken from computations by L. Koch (19^5) as 

extended by J. tiythorsson and H. Sirtryr.rsson (1971). The 0'..u 

air ana sea surface temperatures were taken from I-.ariners 

'.eather Lor and in part were made available by the Meteorol. 

Office, Bracknell. Other sources were l.'oi Id '.."eather Records 

and Monthly Climatic Data. 

In seeking to establish the thermal lar between the oceans 

and the atmosphere, we have limited our stuuy to data from the 

open ocean since observations at coastal stations when the pre- 

vailing winds are from land, would partially reflect also the 

air temperatures. 

kcmarks. 

Oince the increase and decrease, respectively, in the 

annual sea temperature in the 0-200 m layer alon; the Kola 

meridian reflects largely the advertion of relatively warm 

v.-ater into the Barents w»ea from 6ha southwest, we may conclude 

■ - 
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that the increase and decrease, respectively, in the sea BUrfaet 

temperature in areas A to N and at the 0':3 stations were also 

nrimarily the result of advection (see also Midtun, 196* ).  It 

will be noted that the decline in air temperatures in the 1950*a 

aid not reach the v/estern mediterranean.  ,iad this been the case, 

the increase in the mediterranean mean sea surface temperature 

mirht have been sma^or. 

The thermal l:-c in the ocean durinf the climatic chanre 

TJeriod 1921-1970 as exemplified nrimarily by the increase in the 

sec surface temperature during the 1951-60 decade while the air 

temperature was declining , presupposes climatic la| s for other 

neriods as veil, and with lonrer time la*s in the oceans during 

Ion* er climatic or climate periods (see iimiliani, 1955), 

B«  rtc.^.nov.ledrements. 

'.e are indebted to Mr. E. N, 3abba,_;n, Head, Synoptic 

Laboratory of the Institute for valuable help in tht «reparation 

of this work. 

'..e are also indebted to the meteorolorical services of 

Denmark, France, i'ederil Rtpublic of Germany, Iceland, iJorway, 

Portugal, J-oain, Swodon, and U. K. for makinr available the air 

temperatures from their respective regions anc to officials of 

the NOAA for the tabulations of mean monthly values of sea 

surface temperatures of the Mediterranean used in our study. 

The work was carried out with support of the nuvanced 

Pro, ects Research Arency, Air Fc.-ce Office of Scientific Research, 

ÜSAF. 
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